Introduction
DNA analyses have recently opened new channels in the study of human population genetic diversity and relationships. Preliminary results on nuclear and mitochondrial restriction fragment length polymorphisms (RFLP) have led molecular geneticists to state new hypotheses about human type phylogenies (Johnson et al. 1983; Wainscoat et al. 1986; Cann et al. 1987) . Their main conclusion, that all actualpopulations are derived from an African genetic pool, raises an acute controversy in specialized reviews (Darlu and Tassy 1987; Eckhardt 1987; Saitou and Omoto 1987) , as it contradicts the well known divergency picture (Africans-Europeans versus Orientals as a first split) drawn from blood group studies (CavalliSforza and Edwards 1964, 1967) . Criticism is mainly directed to a general weakness in population representativeness. As discussed in Excoffier et al. (1988) , the African continent is heterogeneously peopled by population groups that could have evolved very differently, in time and space, as attested by their Rhesus, Gm and HLA frequency differences. Of particular interest are the genetic profiles observed in East Africans, which are closer to Europeans. Ethnical distinctions must therefore be made inside Africa before attempting to compare the main "human types", whose definitions are often arbitrary, and to discuss African origins. Most groups are generally underrepresented in RFLP studies; for example, East Asiatics are represented by a single Thai sample of 32 individuals in Wainscoat et al. (1986) , and population samples are too small in size to detect all existant genetic types or estimate gene frequencies rigorously. The conclusions reached from such data are consequently judged to be quite premature.
The choice of representative populations and good samples is possible when numerous data are available. Studies on classical blood group systems have been reinforced by many recent HLA and Gm typings and have been used already for synthetic maps (Piazza and Viganotti 1972; Piazza et al. 1975, Offprint requests to: A. Sanchez-Mazas
Materials and methods
Population samples for which Rhesus, Gm and HLA data have been reported in the literature were collected. A careful effort was made to cover the main areas of the world by choosing populations that were linguistically differentiated. Genetic data do not yet permit the representation of all the main linguistic groups. Moreover, some ethnic group combinations had to be made when linguistically important populations were not typed for all the genetic systems considered 1. Samples have been selected according to their size and to the quality of their antigen typings. This selection was realized by a rigorous statistical analysis of each sample. Rhesus and Gm phenotypic frequencies have been verified and all haplotype frequencies re-computed by means of standardized maximum likelihood estimations. Only statistically correct data have been retained. Indeed, previous systematic verifications of published Rhesus frequencies had shown that a considerable amount of data reported in the literature could not be used, either because samples were too small, insufficiently representative or heterogeneous, or because typing errors had led to erroneous phenotypic distributions (Sanchez-Mazas 1985) . Sorting out unreliable data before starting work was then necessary. For the HLA system, because phenotypic distributions and haplotype frequencies are generally not published, we used HLA-A and HLA-B allele frequencies separately (taken directly from the literature). After elimination, 19 triplets of samples typed for the systems Rhesus, Gm and HLA (-A and -B), whose analyses accurately reflect the genetic specificities of most world-wide ethnic groups, were retained.
The distance used has already demonstrated its efficiency in revealing human population genetic links (Sanchez-Mazas 1For example, very good samples were available for Kurds in the Rhesus and Gm systems, but not in HLA. We have thus associated a Turk sample typed in this system. Even if these groups are linguistically different, they are representative of Middle-East peoples . 1986 ). It is a kind of Mean Character Difference (Cain and Harrison 1958) and has also been proved to be a mathematical distance as defined by Gregorius (1978) . Its great interest is that its complement to one (multiplied by 100) can be seen as the percentage of shared gene frequencies, genes being defined by their immunologically active biochemical expression, thus named isoactive genes (Gillois 1966) . Its expression is then:
where m is the dimension of the frequency vector for any gene distribution, fik and fjk the kth frequencies for populations i and j respectively. Figure 1 illustrates the notion of shared gene frequencies. The P associated distances D (I-P/100) are usually highly correlated with other commonly used genetic indices such as angular or chord distances (Cavalli-Sforza and Edwards 1964, 1967; Cavalli-Sforza and Bodmer 1971) , kinship coefficient estimators (Mal6cot 1966; Morton et al. 1972) , codon comparison distances Roychoudhury 1974, 1982) , or other genetic distances. But beyond the very simple and significant meaning of the Ps, the Ds are less sensitive to poorly estimated small frequencies. They depend mostly on well measured frequencies of the most common haplotypes of a system. Since our objective is the study of similarities between populations, we believe that Ds, derived from direct estimations of similarity between populations, measured by the Ps, are more suitable than distances often constructed in the scope of, and thus enhancing, anthropological differences. In any case, the mathematical properties of all these indices are so similar that this choice remains theoretical and will not interfere with the validity of our results.
Such percentages can be computed independently of the system specificity and the number of alleles or haplotypes included. However, the range of their values can vary greatly from one system to another, due to their different degrees of polymorphism and their specific evolutionary mechanisms (implying changes such as mutations). For example, the theoretical minimum of 0% is sometimes reached in the Gm system, as many gene replacements have taken place between the major population groups. In contrast, the lowest values in the Rhesus system range around 12%, indicating that some gene combinations have persisted even between distant groups. Thus average values on many systems generally do not fall to zero. In any case, average values on a set of informative and correlated genetic systems, if high, can be interpreted as a largely common genetic pool between the populations involved, and consequently as a clue to a close common origin between them (see Discussion). Low average percentages are more likely to reveal strong and/or old divergencies.
P indices do not apply only to a pair of populations but can be generalized whatever the number of populations one wants to consider. Being n the number of populations, and x the genetic system chosen, then:
whose average values on many systems can also be computed.
As with similarity indexes or distances commonly used, 2Ps and average 2Ps on many systems can serve to plot multivariate representations such as dendrograms. The clustering procedure chosen here is the average linkage method. The second kind of data presentation method used is a principal coordinate analysis (Gower 1967) . Table 1 reports the average 2Ps for the 19 populations selected, which represent the major ethnic types of the world. These values range between 12% and 86%, the highest ones being shared by similar groups such as, for example, Europeans, Near-Easterns and North Africans. On the other hand, low percentages are observed between populations that appear to be completely different from biological, cultural and historical points of view, such as Bantu and Chinese. In other words, average 2Ps on the four systems used seem to reveal the main differentiations which must have resulted from the populations' past history. High linear correlation coefficients between 2P matrices computed for each system (Table 2) enhance the informative quality of such systems for the description of population biological evolution.
Results
Genetic relationships are shown more explicitly in the dendrogram plotted in Fig. 2 , and in the two factorial planes of the principal coordinate analysis (Fig. 3a, b) , Both graphic representations show the split of populations into several main groups. The tree clearly differentiates Caucasoids (Indian, Middle-Eastern, European and North African), Black Africans (Eastern, Western and Bantu), North-East Asiatics (Japanese, Korean and Amerindian), South-East Asiatics (Chinese, Vietnamese/Thai and Micronesian) to which melanesian speakers ("MN") are related, and Oceanians (Australian Aborigine and Melanesian Papuan, also named non-austronesian speakers "NAN"). Each of these clusters is defined by an overall mean 2P 2 (indicated at each node) greater than 67% between the populations they include. At a lower 2 Overall stands for mean 2Ps between all the populations belonging to a same group. Intergroup (see below in the text) stands for mean 2Ps computed for all pairs of populations whose components belong to the same two different groups. Both indices are also averaged on the set of systems Rhesus, Gm and HLA (-A and -B) 61  78  50  45  41  41  38  26  31  26  30  35  23  25  25  19  12  21  62  67  61  54  51  51  32  36  26  33  39  30  31  26  26  21  28  48  44  41  35  37  24  31  24  27  33  20  23  21  17  13  22  80  76  71  70  40  47  38  45  52  40  40  38  27  31  34  84  81  72  46  49  44  49  57  43  45  42  33  37  38  86  71  46  52  44  51  55  43  46  41  27  35  33  72  50  49  51  56  58  47  48  42  29  37 (Fig. 3a) , which carry 44% and 16% of the total information, the same observations can be made, except that North and South Asiatics cluster in one single homogeneous group to which Oceanic melanesian speakers are, as before, closely related. The shape of this representation recalls the geographical location of the ethnic groups. The third axis (Fig. 3b) 
Discussion
Two kinds of values were used to achieve the dendrogram, implying simultaneously distance and similarity as comparison criteria. The tree structure is based on the classification of intergroup mean 2P values, which supply a hypothetical order of population genetic affinities. It is not our task to define population phylogenies, but to clarify the chronology of their genetic differentiations. In that sense, the presence of two principal lobes in the representation suggests an early split between two major groups, an Occidental and an Oriental one, from which all the actual populations would have diverged.
According to P indices, the order of population clustering thus agrees with most previous schemata of human genetic divergencies based on immunological polyrnorphisms (CavalliSforza and Bodmer 1971; Piazza et al. 1975; Langaney 1979 Langaney , 1984 . Intergroup mean ¢Ps leads to the discussion of population group cleavages, from their observed genetic differences. On the other hand, tree nodes are labelled with overall mean 2P values, which state what is still common between the populations clustered at a given level. They evaluate genetic similarity within groups. It is very interesting to note that the common genetic pool measured for Black Africans is equal to that obtained for the North-East Asiatic group including Japanese, Koreans and Amerind\arts (67%). As we stated before, it seems quite appropriate to differentiate a priori many Black Africans groups, as this appears equally as important as distinguishing Amerindians from North-East Orientals. Moreover, aEthnic groups were defined by the average linkage clustering procedure (Fig. 2) . This level is defined by an intragroup mean 2P greater than 60%
even though Black Africans have acquired some well known uncommon specificities such as Gm (6) or Rhesus R ° (cDe), the Occidental group as a whole is shown not to have, on an average, diverged more than the inferred Oriental primitive one (overall mean 2Ps of 60% and 57%, respectively). This is true even if we exclude the Oceanian group, making the number of populations in the two concerned groups comparable (8 versus 9). Black Africans apparent biological differences are thus not as exceptional as some overemphasized unusual genetic features have led some to assume. It is worth recalling that some very peculiar features are also observed in other groups, for example, the almost total absence of the Rhesus r (cde) haplotype in East Asia and Oceania. Supposing a first split between an Occidental and an Oriental group, it is worth questionning oneself about the most likely genetic profile of the last common ancestors of modern human populations. It is obvious that genetics, by itself, cannot localize geographically these last common ancestors. Terms such as "Oriental" and "Occidental" applied to vanished ancestors do not indicate that these people were living in the East or the West of the Old World; genetically inferred remote ancestors "closer" to Bantu or Indians would not fix upon their living on the same continent or in the same area. Only converging archaeological, paleontological and linguistic clues will help genetic evidence to refute or maintain hypotheses of their geographic locations (Cavalli-Sforza 1987) . However we can try to locate them, by their likely gene frequency distributions, among major modern human groups. Table 3 gives intergroup mean 2P values at the level where the five main differentiations take place according to the dendogram. The Caucasoid group is shown to share the most similar 2Ps with every other group (ranging between 34% and 49%). In other words, the total variance on these values is low. Caucasoids thus appear to occupy a central position in differentiating mechanisms. As discussed in detail by Excoftier et al. (1988) , their genetic profile is most likely to resemble that of the original population, as all other groups show a strong component of these genetic features. Differentiating processes could have started from an ancestral population whose closest descendants would be Caucasoids, because they carry the common haplotypes most often shared with the other main groups. The peculiar genetic features of the Black African group can then be seen as the result of migration mechanisms responsible for rapid genetic changes, such as founder effects, originating in an early Occidental cluster, and, possibly, intense local selection. It is worth noting that most of their frequent peculiar traits according to Rhesus, Gm and HLA are also found in Caucasoid populations with low frequencies, for example R °(cDe), Gin(6), Gm 1'17;;5'1°'11'13'14 or HLA-B17. Direct selection or hitch-hiking effects are likely to have inflated that divergence in the hemoglobin cluster data and possibly in mitochondrial DNA RFLP.
These hypotheses play against the conclusions drawn by DNA RFLP studies, which claim Black Africans as the earliest ancestors of all actual populations, and consider their peculiar genetic traits as remnants of a primitive stock. When they are numerous enough to propose an overall picture of human population divergences, DNA analyses will perhaps be able to settle this argument (Cavalli-Sforza et al. 1986; Bowcock et al. 1987) . At present, DNA data that could be interpreted reasonably in this context are unfortunately very few, because of limited sample sizes and lack of population representativeness. Mitochondrial DNA world-wide polymorphism studies are based on the low totals of 200 (Johnson et al. 1983 ) and 147 (Cann et al. 1987 ) ethnically heterogeneous individuals. Conclusions from globin gene polymorphisms (Wainscoat et al. 1986 ) are drawn from the typing of 601 people from 10 samples, which cannot be considered as representative. Their representativeness of human genetic variation can easily be compared, for example, to Rhesus data involving more than 200,000 ethnically well identified and reliably typed people in about 500 samples with a 400 person average sample size.
P indices seem particularly revealing in that they give us an objective clustering criterion with clear biological meaning. They do not only represent a similarity criterion, but they can also suggest hypotheses about population history and structures. Even if Ps vary considerably from one system to another, due to differences in the number of common haplotypes observed in each one, average Ps should draw the outlines of past human gene flows. The choice of the unlinked Rhesus, Gm and HLA systems to which we apply them is also not arbitrary. Indeed, 2P matrices computed for each of them are highly correlated, as we have seen in Table 2 (all t values are significant at P = 0.05), in contrast to the very low correlation coefficients obtained for systems like ABO and MNSs. These are lower than 0.03 with Rhesus and Gm (SanchezMazas and Langaney 1986), and thus justify the exclusion of ABO and MNSs systems, which seem to have mostly systemspecific differentiations and which would bias and/or confuse the results in clustering procedures. The dendrogram we have plotted thus synthesizes information, which together expresses the empirical genetic similarity of human populations. At present, Rhesus, Gm and HLA should still be considered as the most useful systems for large scale population genetics. Their frequency distributions do not seem to be perturbed by selection and they have enough alleles or haplotypes to be very informative. Principal haplotype frequencies are high enough to be estimated from existing samples and typing errors can be controlled. We can suppose that this ensemble is more or less representative of the kinship structure of mankind, as it would be revealed by a global pedigree network were this network known. At the world scale, population structures and differentiation mechanisms are too complex to use safely phylogenetic or kinship models, which are sophisticated but not sufficiently stable (Jacquard 1973; Langaney 1974; Langaney and Sanchez-Mazas 1987) . We hope an empirical approach such as the analysis of the P value will be less misleading and will remain closer to the raw data.
